Introduction {#sec1}
============

Hearing disorder is one of the important health issues which significantly affect the quality of life.[@bib1], [@bib2] The prevalence of this problem has been reported from 1.4% in children aged 5--14 years to 9.8% in those who are 14 years or older.[@bib3] In severe hearing loss, the remaining senses are more important.[@bib4] Vision is one of the important senses which has more value for communication in deaf people compared to ordinary people, and it has been shown that a coincidence of visual disorders with hearing impairment, especially in the early years of life, can negatively impact development of communication and cognitive skills.[@bib4], [@bib5] Several studies reported that some visual disorders are more prevalent in the deaf population, which has been reported up to 60%.[@bib5], [@bib6], [@bib7], [@bib8] Refractive errors, stereopsis problems, amblyopia, strabismus, and reduced vision are among the most important visual disorders in the deaf. Some of these studies have shown that refractive errors are more prevalent in deaf subjects compared to other visual disorders.[@bib4], [@bib7], [@bib9], [@bib10] Nevertheless, the condition of refractive errors in this population compared to the normal population cannot be judged because the majority of studies were descriptive and did not have a control group.[@bib6], [@bib11] Previous studies confirm that refractive errors are the most prevalent visual disorder in not only deaf children but also the older deaf population.[@bib6], [@bib11]

Since analytical studies are more valid to test different hypotheses, such studies with a proper methodology should be performed to assess the link between high refractive error and deafness. Few studies have evaluated visual disorders in deaf students in Iran so far.[@bib6], [@bib11] Thus, we conducted a study to compare selected visual disorders including refractive error, strabismus, and amblyopia in deaf and normal students.

Methods {#sec2}
=======

This study was a cross-sectional analysis of the two groups of deaf and non-deaf subjects who were compared in terms of refractive errors, amblyopia, and strabismus. The deaf group in this study was selected by cluster sampling from deaf students in Mashhad.

Subjects were selected from four primary and junior high schools for the deaf using the random cluster sampling method. The total number of deaf students was 420, of whom 280 were selected. Taking the inclusion and exclusion criteria into account, 254 subjects participated in the study.

The control group consisted of subjects with no hearing disorders from all corresponding educational grades from 12 schools in Mashhad and was selected using cluster sampling. Age and sex are two confounding factors for refractive errors. Consequently, these two variables have been adjusted for selecting the control group. Considering similar age and sex distribution to deaf subjects, 560 students were selected.

Subjects with auditory problems based on the interview and medical history were excluded from the study.

Written informed consent was obtained from parents.

In this study, the deaf group was examined first. All examinations were performed in a school room with proper lighting. The examinations included visual acuity assessment with Snellen chart for 6 m and 40 cm, cycloplegic refraction for 7- to 14-year-old subjects and non-cycloplegic refraction for subjects 15 and older.

Refraction was measured using autorefractometer TOPCON RM8800 (Topcon Corporation, Tokyo, Japan) by only one optometrist for all participants, and results were rechecked by retinoscope (HEINE BETA 200 Optotechnic Germany). When results of autorefraction and retinoscopic refraction were different, the latter was registered. If the uncorrected visual acuity was less than 20/20, best corrected visual acuity was registered following subjective refraction.

Cover test was performed in 6 m and 40 cm with an accommodative target. For subjects whose uncorrected visual acuity was less than 20/20, cover test was performed with best correction. Other examinations included measurement of stereopsis by Titmus circles test (Stereo Optical, Chicago, IL) and fundus examination (direct ophthalmoscopy and assessment of foveal reflex). Severity of hearing loss was registered based on the hearing threshold of the last available audiogram as follows: mild (26--40 db), moderate (41--70 db), severe (71--90 db), or profound (\>90 db).[@bib12] Considering medical records, the etiology of hearing impairment was categorized as congenital (positive family history of deafness, positive history of drug use during pregnancy, acquisition of diseases such as rubella during pregnancy) or acquired (premature birth or low birth weight, postnatal complications such as high fever and convulsion, ear infection, and trauma). Inclusion criteria were parent willingness, an intelligence quotient greater than 70, and absence of disabilities aside from hearing impairment. For the case group, all the examinations were performed in their school and included tests of uncorrected visual acuity, corrected visual acuity, cycloplegic refraction (for 7- to 14-year-old subjects) and non-cycloplegic refraction (for subjects 15 and older), cover test, and fundus examination. Equipments of examinations and examiners were similar in both groups.

Spherical equivalent (SE) was used for calculations of refractive error. Refractive errors were compared separately for the two age groups. Previous studies have shown no difference in astigmatism between cycloplegic and non-cycloplegic refraction.[@bib13] Hence, non-cycloplegic astigmatism was used for comparison. Myopia was defined as an SE of −0.50 diopter (D) or less and hyperopia as an SE of +2.00 D or more (for 7- to 14-year-old subjects) and more than +0.50 D (for subjects 15 and older). Astigmatism was defined as cylinder refraction more than 0.50 D. Amblyopia was defined as BCVA 20/30 or less or 2-line interocular optotype acuity differences with no intraocular anatomical pathology. Stereoacuity of 100 s of arc or less was considered normal.

Exclusion criteria {#sec2.1}
------------------

Parent unwillingness, lack of test cooperation, and audiogram results greater than one year were the exclusion criteria of the study.

Ethical consideration {#sec2.2}
---------------------

The ethics committees of Mashhad University of Medical Sciences approved the study, which was conducted in accordance with the tenets of the Declaration of Helsinki.

Statistical analysis {#sec2.3}
--------------------

Logistic regression was applied to compare refractive errors, amblyopia, and strabismus in the two groups, and the odds ratios were reported with a 95% confidence interval. T-test was applied to compare quantitative figures such as spherical equivalent. P \< 0.05 was considered statistically significant.

Results {#sec3}
=======

254 deaf students had valid records for this report, and 506 normal students were examined. 52.8% of the case group and 53.2% of the control group were male (P = 0.196). The mean age of the two groups had no significant difference (P = 0.254). It was 14.5 ± 3.3 and 14.3 ± 3.9 years for the case and control groups, respectively (with ages ranging from 7 to 22 years old).

Refractive error {#sec3.1}
----------------

The mean SE in the deaf group was 1.9 ± 1.7 D while it was 1.5 ± 0.2 D in the control group (P \< 0.001). [Fig. 1](#fig1){ref-type="fig"} shows the box plot diagram of SE distribution between the two groups. The prevalence of hyperopia was 57.1% and 21.5% in deaf and normal subjects, respectively (OR = 4.8, CI = 95%, 3.5--6.7).

The prevalence of myopia was 5.5% and 11.9% in deaf and normal subjects, respectively. (P = 0.007).

In [Fig. 2](#fig2){ref-type="fig"}, two groups were compared concerning refractive error, and it is obvious that there are more cases of severe hyperopia in the deaf group and more cases of severe myopia in the control group (P \< 0.001). The mean cylinder power was 0.65 ± 1.3 in the case group and 0.43 ± 0.62 in the control group (P = 0.002). [Fig. 3](#fig3){ref-type="fig"} demonstrates distribution of cylinder power in the two groups, and it is shown that there were more astigmatic cases in the case group (P \< 0.001).

Amblyopia {#sec3.2}
---------

12.2% of the case group and 1.2% of the control group were amblyopic. Logistic regression demonstrates that the chance of amblyopia is statically significant in deaf subjects (OR = 11.6, CI = 95%, 4.8--28.2).

Strabismus {#sec3.3}
----------

The prevalence of strabismus was 3.1% in case subjects and 2.6% in control subjects (P = 0.645).

Discussion {#sec4}
==========

This is the first study in Iran which compares visual disorders in deaf and normal students. One of the main questions in this study was to realize if refractive errors are the most common visual disorder in the deaf population and if they are more prevalent in this population compared to the normal population. Our study shows that more than half of deaf subjects had refractive errors. Although the prevalence of refractive errors in the normal group was not low, the gap was big.

A study by Bakhshaee et al[@bib6] also showed that refractive errors were the most common ocular problems in children with sensorineural hearing loss. Another study on Iranian children also reported that about 40% of the deaf students suffered from refractive errors.[@bib11] Hyperopia was the most common refractive error in the deaf group, and deaf subjects were 5 times more likely to suffer from it. Moreover, less myopic cases were found in this group. Previous studies such as Hanioglu-Kargi,[@bib4] Mafong,[@bib14] Siatkowski,[@bib15] and Falzon,[@bib16] indicated that hyperopia is the most common refractive error in deaf students. Nevertheless, there are some studies that did not show remarkable differences between prevalence of hyperopia and myopia, and even a few studies like those of Sharma,[@bib17] Leguire,[@bib10] and Al-ani[@bib9] indicated that myopia was more common. Although most of the studies support our finding that hyperopia is the most common refractive error, their findings are not quite valid because they lack a control group.[@bib4], [@bib14], [@bib15], [@bib16]

The prevalence of hyperopia is high during childhood,[@bib18] and without a control group it cannot be claimed that hyperopia is high in deaf people. However, our study confirms high prevalence of hyperopia in deaf people. This condition can be justified with pathology of hyperopia. Hyperopic cases, especially severe ones, have a short axial length.[@bib19] Hence, lack of axial length growth in these cases can be considered an immaturity phenomenon. On the other hand, deafness is the same phenomenon as well, and deaf children are more prone to suffer from other diseases. Consequently, we suggest that since deafness, especially if congenital, may be associated with immaturity in tissues with neural origins, immaturity in axial length causes more hyperopic cases in the deaf population. The prevalence of myopia was significantly less in deaf students,[@bib14] which is in line with previous studies. It seems that intelligence quotient is an important factor in this regard. Several studies have reported that myopic patients have a higher intelligence quotient.[@bib20]

Furthermore, Vernon has shown that most etiologies of profound hearing impairment can be associated with other neurological disorders, which mostly cause a lower intelligence quotient.[@bib21] Therefore, it seems that there is a genetic link between low myopia and IQ in the deaf, and genetics may be responsible for myopia in the deaf.

Based on our study, prevalence of astigmatism was also significantly higher. Other studies that assessed astigmatism in deaf children support this finding.[@bib4], [@bib22]

Besides refractive error, prevalence of amblyopia was significantly higher in deaf students. Few studies have assessed the link between amblyopia and deafness.[@bib23] However, with an odds ratio of 11.6, this link is strong. It indicates that amblyopia is a serious issue in deaf students, and one of the reasons for its presence in these children can be uncorrected hyperopia. Although the fact that amblyopia is a disease with neurological origins, it is not far-fetched to observe its link with deafness.

Conclusion {#sec4.1}
----------

A higher prevalence of refractive errors and amblyopia in deaf students in comparison to their hearing peers reveals the importance of more attention to the ocular problems in these students. Modifying visual disorders in these students may enhance their quality of life.
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